A zeolitic imidazolate framework-8 (ZIF-8)/reduced graphene oxide (rGO) nanocomposite was formed by using an efficient synthetic method. The morphology and structure of the ZIF-8/rGO nanocomposite were characterized by scanning electron spectroscopy (SEM), X-ray diffraction (XRD) and thermogravimetric analysis (TGA) mapping. The ZIF-8/rGO nanocomposites were immobilized on a carbon paste electrode (CPE) to construct a high-performance nonenzymatic electrochemical H 2 O 2 sensor. A cyclic voltammetry (CV) study showed that the ZIF-8/rGO nanocomposites displayed better electrocatalytic activity toward H 2 O 2 reduction compared to that of ZIF-8. An amperometric study indicated that the H 2 O 2 sensor displayed high performance, which offered a low detection limit (0.05 mM) (S/N ¼ 3), a high sensitivity (4.01 mA mM À1 cm À2 ), and a wide linear range (from 1.0 to 625 mM). An electrochemical reaction mechanism was proposed for H 2 O 2 reduction on the ZIF-8/rGO/CPE. Importantly, the asfabricated H 2 O 2 sensor exhibited good reproducibility and excellent selectivity. Furthermore, the constructed high-performance sensor was utilized to monitor the H 2 O 2 levels in real samples, and satisfactory results were obtained. These results demonstrated that the ZIF-8/rGO nanocomposite can be used as a good electrochemical sensor material in practical applications.
Introduction
In recent years, hydrogen peroxide (H 2 O 2 ) has attracted considerable attention due to its important applications in food, industrial engineering, agriculture, medicine and health, clinical control and the environment. [1] [2] [3] Thus, it would be very valuable to develop a simple, fast, reliable and accurate technique to detect H 2 O 2 . Among the various techniques proposed for H 2 O 2 monitoring, electrochemical methods are the most convenient and effective.
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Unfortunately, enzyme-based biosensors for H 2 O 2 detection cannot be subjected to harsh environments because enzymes can easily degrade, denature and become inactive aer they are applied onto the electrode surface, and enzyme-based biosensors have high costs and storage requirements. 7 To overcome several of the limitations dened above, peroxidase-like nanocomposite-based nonenzymatic electrochemical sensors for H 2 O 2 detection have been developed in recent years. To obtain various nanocomposites with peroxidase-like bioactivity, noble metal-based materials (Pt, Pd, Ag, Au, etc.), [8] [9] [10] carbon-based composites, 11 Metal-organic frameworks (MOFs), formed by metal connectors and organic linker molecules through strong coordinating bonds, have attracted enormous attention in recent years due to their advantages of ordered crystalline structures, large pore volumes, highly accessible surface areas, chemical tunability and available metal sites. 18 Owing to these remarkable merits, MOFs have been widely applied in the areas of catalysis, drug delivery, and gas storage. 17, [19] [20] [21] Moreover, MOFs and their derived nanomaterials are interesting electrode materials and have been used in solar cells, energy storage devices, lithium-ion rechargeable batteries, fuel cells, and sensors. [22] [23] [24] Nevertheless, the few adverse properties of MOFs are their poor thermal stability, weak electrical conductivity, and low mechanical strength and unstable nature in aqueous solution, which limit their further use as electrochemical sensors. In recent years, high-conductivity materials (carbonbased materials, noble metal-based materials, transition metal-based materials, etc.) have been coupled with MOFs to form nanocomposites and improve the electrochemical properties and electron conductivities of MOFs. [25] [26] [27] The utilization of MOFs as a component in the preparation of metal-MOF/ graphene-based materials is a convenient and effective strategy to enhance the electrochemical performance of MOFs.
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Graphene, a single layer of carbon atoms in a twodimensional lattice, has received widespread attention due to its interesting nanostructure and extraordinary properties, such as high electron conductivity and exceptionally high surface area. These excellent properties make graphene a promising component for the preparation of graphene-MOF composites to enhance the electrochemical performance of MOFs. In recent years, many techniques have been developed to prepare graphene-MOF composites, including in situ growth, hydrothermal, direct mixing, Pickering emulsion polymerization, and atomic layer deposition methods.
28-30 However, the abovementioned methods still have shortcomings regarding the scalability and controllability of the preparation process for graphene-MOF composites. The strategy of directly mixing MOFs with graphene has been widely applied for obtaining graphene-MOF composites, 31, 32 but the preparation process oen suffers from the following problems. The addition of the MOF components may not effectively prevent the aggregation of graphene nanosheets, which normally results in an uneven dispersion of each of the components within the resulting graphene-MOF composite. Although several researchers 33, 34 have reported that 3D graphene structures can be applied as templates for the production of graphene-MOF composites with uniform hierarchical structures, complex synthetic steps are normally required. Thus, it is still challenging to develop a low-cost, high-dimensionally controllable and convenient synthesis for graphene-MOF composites.
In this research, chitosan (CS) was used to reduce graphene oxide (GO) into reduced GO (rGO) and introduce functional groups (ÀNH 2 , -COOH) onto the surface of rGO. In addition, CS enables rGO to be well dispersed in an aqueous solution. ZIF-8 is a new subclass of porous metal-organic frameworks in which divalent metal cations are linked by imidazolate anions into tetrahedral frameworks that frequently possess a zeolite topology. We proposed a general, simple, and inexpensive approach, called the simple mixing method, for the preparation of ZIF-8/rGO nanocomposites, which can be used as electrodemodifying materials. The prepared ZIF-8/rGO nanocomposite, derived from a ZIF-8 and graphene, exhibited excellent electrochemical performance for the application of nonenzymatic detection of H 2 O 2 .
Experimental section

Chemicals
Ultrapure water was obtained from a Millipore Milli-Q UF-Plus Ultrapure Water System (Mequon, WI, US) (18 MU cm) and used throughout the experiments unless otherwise noted. H 2 O 2 (30% w/w in H 2 O), 2-methylimidazole, Zn(NO 3 ) 2 $6H 2 O, glucose, ethanol, uric acid (UA), ascorbic acid (AA) and methanol, graphite powder (99.95%, 325 mesh), and CS (75% deacetylated) were purchased from Sigma-Aldrich and used as received. All other chemicals used were of at least analytical reagent grade. A CS solution (0.5 wt%) was prepared by dissolving CS powder in an acetic acid (1 wt%) solution and then adjusting the pH to 5-6. The prepared CS solution was stored in a refrigerator until used. A 0.1 M pH 7.0 phosphate buffered saline (PBS) solution was used for H 2 O 2 detection. All solutions were deoxygenated by purging with nitrogen gas before use.
Instruments
A CHI 842C electrochemical workstation (Austin, TX, USA) was used to perform the electrochemical experiments. A conventional three-electrode system was used, in which either a bare CPE or modied CPE was used as the working electrode, Ag/ AgCl (saturated KCl) and a platinum wire were used as the reference and counter electrodes, respectively. The potentials measured during the electrochemical experiments refer to this reference electrode. The surface morphology was characterized using eld emission scanning electron microscopy (FESEM, JEOL 7401 F) and an X-ray diffractometer (Philips, X'pert, Netherlands).
Synthesis of ZIF-8
The ZIF-8 was synthesized by reacting the precursor mixture at room temperature according to a previously reported protocol.
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Briey, a solid mixture of 2-methylimidazole, Zn(NO 3 ) 2 $6H 2 O, and methanol was prepared with a mass ratio of 1.1 : 1 : 32 in a glass vial and stirred for 12 h at room temperature. Then, the precipitate was collected by ltration, washed subsequently with ethanol for several times, dried in a vacuum drying oven at 30 C for 1 day, and stored in a vial for further characterization.
Preparation of H 2 O 2 biosensors
GO was prepared according to a modied Hummers' method.
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rGO was obtained by using CS as a reductant to reduce GO similar to a previously reported method. 4 In simple, equivalent volumes of 1 mg mL À1 GO and 0.5 wt% CS solutions were fully stirred until a uniform yellow-brown solution was achieved. Subsequently, the above-mentioned solution was placed in a 90 C water bath accompanied by vigorous stirring for 5 h until the color of the solution turned black. Finally, the resulting product was centrifuged and washed 3 times to obtain the CS-functionalized rGO. The detailed characterization results and discussion of the CS-rGO are shown in Fig. S1 . † The ZIF-8/rGO composite was prepared through a simple mixing method. Briey, the prepared ZIF-8 crystals (30 mg) were rapidly added into a methanol dispersion of graphene (1 mg mL À1 , 20 mL) under vigorous sonication to form a ZIF-8/rGO suspension. Aerwards, the prepared composite suspension was subjected to a freeze-dry process to remove the methanol and obtain a ZIF-8/rGO composite powder. A bare CPE was prepared by mixing spectral graphite and amount of silicone oil in a mass ratio of 80 : 30. The paste was thoroughly hand-mixed in a mortar and then rmly pressed into one end of a glassy tube (d ¼ 4 mm). Electrical contact was established by a copper wire inserted deep into the opposite end of the tube. For electrode modication, 2 mg of the ZIF-8/rGO powder was dispersed into 1 mL of N,N-dimethylformamide by sonication. A 6.0 mL aliquot of the ZIF-8/rGO suspension was drop cast onto the CPE to form the ZIF-8/rGO-modied CPE (ZIF-8/rGO/CPE). For comparison, a ZIF-8/CPE and rGO/CPE were prepared through a similar procedure.
Results and discussion
Morphology and physical characterization of the ZIF-8 nanosphere
The characterizations of rGO are shown in Fig. S1 and S2 (ESI †).
The morphology of the as-synthesized ZIF-8 nanosphere and the ZIF-8 nanosphere/rGO was recorded by SEM. Fig. 1a clearly reveal that the product consists of isometrical nanoparticles ZIF-8 nanosphere with a narrow size distribution. A statistical evaluation of 200 nanospheres results in an average diameter of 110 nm. As shown in Fig. 1b , the SEM image of ZIF-8 nanosphere/rGO nanocomposite shows that numerous ZIF-8 nanosphere disperse in rGO. The ZIF-8 exhibits milk-white particles due to the light scattering of the nanospheres. The transparent ake-like rGO with wrinkled and folded features is readily observed. Due to the smooth and planar nanosheets provided by rGO sheets, the ZIF-8 can well-proportioned dispersed with each other on the rGO nanosheets instead of aggregation. XRD patterns of experimental ZIF-8 and reported ZIF-8 were presented in Fig. 2 . The XRD pattern of ZIF-8 showed strong and narrow peaks (black pattern), indicating that the as-prepared sample had good crystallinity. The main peak positions of the ZIF-8 were in the range of . Comparison of all the observed peaks taken from the experimental ZIF-8 sample with those of a previously reported pattern 37 (see Fig. 2 ) demonstrates that the product is single-phase ZIF-8 material.
The weight percentage of the ZIF-8, rGO and ZIF-8/rGO composite was obtained by TGA (see Fig. 3 ), which was recorded from 25 to 800 C with a heating ow air. The 65% weight loss of the ZIF-8 is entirely from the removal of the guest molecules (e.g., methanol) from the cavities, some species (e.g., Hmim) from the surfaces of the nanocrystals, and organic linker molecules. The nal white solid residue was ZnO. 38 It is worth noting that ZnO remain stable during the heating process, and rGO was completely burned out. The 90% weight loss of the ZIF-8/rGO composite is entirely from weight loss of the ZIF-8 and the burning of the rGO.
Raman spectra of the as-prepared GO, rGO and ZIF-8/rGO are given in Fig. S3 (ESI †) . It provided convincing evidence for the graphene fragment structure. As can be seen, the rGO and GO show the characteristic D-band ($1360 cm À1 ) and G-band ($1590 cm À1 ), corresponding to the characteristic D and G bands of carbon materials. Generally speaking, the D band represents the structural defects and disordered structures, while the G band is assigned to the E 2g vibration mode of sp tively. This is an evidence to suggest that the incorporation of ZIF-8 to rGO can improve the surface area. . 40 Besides, the existence of rGO in the ZIF-8/rGO structure can improve the charge-transfer ability of the modied electrode. The other plausible reason for the enhanced catalytic activity may be attributable to a synergistic effect between rGO and ZIF-8.
Electrochemical response of H 2 O 2 at different electrodes
To further verify the electro-catalytic effect of ZIF-8/rGO, amperometric response was investigated at À0.3 V. As can be seen from Fig. 5 , compared to rGO/CPE (b), ZIF-8/CPE (c) and CPE (d), the highest current response of ZIF-8/rGO/CPE (a) was displayed, which well revealed the considerable electro-catalytic activity of nanocomposite toward the reduction of H 2 O 2 .
Amperometric sensing of H 2 O 2
The rapid and sensitive H 2 O 2 detection capabilities of the ZIF-8/ rGO modied CPE were tested through the amperometric response upon successive injections of different amounts of H 2 O 2 (Fig. 6 ). At applied potential of À0.3 V. When the concentration of H 2 O 2 changes from 1.0 mM to 625 mM, the response current and H 2 O 2 concentration shows linear relationship in the ranges of 1.0 mM to 168 mM and 168 mM to 625 mM, respectively (Fig. 7) . The regression equations are: i i mA ¼ À1.0519 À 0.1143C/mM (r ¼ 0.9969) for the range of 1.0 mM to 168 mM (Fig. 7) and i i mA ¼ À7.0676 À 0.0970C/mM (r ¼ 0.9910) for the range of 168 mM to 625 mM (Fig. 7) . The different accumulation efficiency at different concentrations results in the different slopes of the two calibration curve. According to the following equation:
41 the limit of detection (LOD) ¼ 3.3 (s y/x /b), where s y/x is the residual standard deviation, b the slope of the calibration plot. This method usually implies a decision about controlling both false positive and false negative errors (a ¼ b ¼ 0.05). The lower limit of detection was calculated to be 0.05 mM. Although this biosensor demonstrated several excellent characteristics, the intrinsically biomolecular-based biosensor limits its widespread application due to the challenges in retaining the native stability and reaction activity of the biomolecule. However, in contrast, the H 2 O 2 sensor constructed in this work displays several obvious advantages, such as a simple fabrication process, an excellent performance and a good electrocatalytic ability toward H 2 O 2 without the aid of peroxide enzymes.
Under the optimized conditions, the reproducibility and stability of the ZIF-8/rGO/CPE were studied. The same ZIF-8/GR/ CPE was independently measured the same H 2 O 2 solution 5 times, and the relative standard deviation (RSD) of the electrochemical response was 5.5%. These results revealed that the ZIF-8/rGO/CPE had good reproducibility. Between measurements, the ZIF-8/rGO/CPE was stored at room temperature. When used once per 1 day, 98.5% and 95.6% of the initial response of the ZIF-8/rGO/CPE toward H 2 O 2 remained aer 1 and 5 days, respectively. These results indicated the excellent stability of the ZIF-8/rGO/CPE.
Interference studies and detection of H 2 O 2 in real sample
If the prepared sensor can be applied to analyze H 2 O 2 in physiological samples, then it will be a meaningful device. Glycine, AA, glucose, UA and NaCl are common molecules in the physiological samples. An interference investigation was carried out by recording the amperometric response upon successive injection of glycine, AA, glucose, UA and NaCl, as shown in Fig. 8 . The ZIF-8/rGO/CPE showed an obvious current response toward H 2 O 2 . With the successive additions of glycine, AA, glucose, UA and NaCl, no obvious amperometric response is observed, according to a relative error of < AE15%, indicating that the presence of these interferences do not affect the measurement of H 2 O 2 .
To further investigate the use of the sensor for practical analysis, the constructed sensor was applied to detect H 2 O 2 in milk samples because H 2 O 2 is oen used as a preservative agent in milk. The concentrations of H 2 O 2 in milk samples were determined with the standard addition method. In order to conrm the accuracy of this method, a H 2 O 2 quantitative assay kit (water-compatible) was used as a control experiment. The UV-Vis absorbance spectra were obtained on a UV-2700 spectrophotometer (Shimadzu), and the maximum absorption wavelength of 560 nm was used for the quantitative assay. A comparison of the results of the prepared electrode and the H 2 O 2 quantitative assay kit is listed in Table 2 . The results indicate that the sensor developed in this work could be efficiently used for the determination of H 2 O 2 in real samples.
Conclusions
In conclusion, a novel nanocomposite was developed comprising ZIF-8 nanospheres with rGO. The resulting ZIF-8/ rGO nanocomposite demonstrated a high electrocatalytic ability toward H 2 O 2 reduction. Compared to the known sensors of H 2 O 2 , the proposed electrode exhibits several interesting advantages: (i) simplicity of the preparation method for the direct crystallization of ZIF-8 in air; (ii) high sensitivity due to the large surface area, good electrocatalytic activity of ZIF-8 and electrical conductivity of graphene; (iii) excellent selectivity owing to the size exclusion provided by ZIF-8; (iv) rapid response because of the inherent properties of ZIF-8 and rGO; and (v) good stability of the modied electrode. The results showed that the ZIF-8/rGO is a promising electrode material for application in electroanalysis, and it may introduce new methods to construct nonenzymatic electrochemical sensors that have excellent activity and high sensitivity.
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